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 Phosphatidylinositol 4,5 bisphosphate 
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 Phosphatidylinositol 3,4,5 trisphosphate 
5
 Phosohoinositide-dependen 
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 Protein kinase B 
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 Rab-GTPase activating protein  
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 Vesicle-associated membrane protein 2 
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 Small signaling G protein 
10
 Neural wiskott-aldrich syndrome protein 
11
 Ras-related C3 botulinum toxin substrate 1 
12
 Mamalian target of rampamycine 
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 Insulin receptor substrate 1 
14
 Ribosomal protein S6 kinase beta 1 
15
 High mobilitygroup protein with AT-hook 
16
 Specificity protein 1 
17
 CCAAT enhancer-binding protein 
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 C-Jun Nterminal kinase 
19
 IκB kinase 
20
 Rho-associated protein kinase 
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 Protein-tyrosin-phosphatase 1B 
22
 Leukocyte antigen-related protein 
23
 Inositol polyphosphate-5 phosphatase with SH2 domain 
24
 Phosphatase and tensin homologe 
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. Trypsin-Ethylenediamine Tetra AceticAacid 
 ٤٤ 
 
-  
EDTA )BRL  %Gibco (    04/0 $  
    
 ~? 		
  PBS  &: (100  
 +4%  
 	 /* B: 	 QPBS  +?  BC: .A
 
? 
  * +? %
20-   	$ +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Q%  x, (QO5  D 
 (+?
 .uA 	 
$6 
	@  &#  *  .K !
 	 95  		 ( (0PCR  * 	0 .  [T
 fE 9# 	 L+	DNA .K 	( QIAquick Gel Extraction) %DNA 6 9 f4) . V	*
9	  s* ( .K 	 fE:  
 &# Q  .	 (: 
   BT4,	 " DNA &
	 	
 N . 	
 D 
 .K (QO5 [T
 /   &#3  ? /6 ( .K / 	QG  (?H	 &# . (# 9	 #z ( 'lµ100 ~   mg100  

&$  D ]	 !>+ 9? x#	:  .K (QO5 " 9# mg400 9	 .[  
 3 !	10, (@5  !
 	
 ?  .K !: 7Hot plate  ! 
50  
	5 	F+ (0

   9	 +> %&3 - 2  B: .K  * NE G#  &# [,
  # w
) 	
 7, (@5
$. Q %* p
 
 .A  * B: ? 
 .K G# (,	 	 Q  ? (4	 p
 / (] $	
  
' ( 3+	 & 	 +4,   * L  
 .A p
5pH=   &# (?H	 /6 (
# 	 M 
 ( p
.[  ' %&# (?H	 .	 /6 ( .K .Q &: " 	  (: 	 

(# 9	 #z ( : 	 	 +,J# 3QO5 !	 ( bp500  	 +$
 bp 4000  !
  .	 %9	

	 !P  		  	  3QO5.  
 7, " 
 	
 9# w	E+	 /+ " (: 	 
ml 2  
	5 &.  ? 
 * B: .K [T
 
 
 (@5 "  (+E
 /+ !
 	
rpm 13000  KL+   /+  > 9? %&#lµ 800 
  	
 3Q? %	 	  @ !	  9	 &#.  	 h ( 	 (# w) 
D (DNA  /+ 	
ml 5/0  ?QG  
  (@5 "  (+E
 /+ !
rpm 13000  KL+ &#.  !-+* 
D (
 ٥٣ 
 
 >ml 75/0 	  ?PE 
  (@5 "   # (?H	 /+ ( rpm 13000  KL+ &#. 
 
  (@5 " [T  # (E ? 	 G# (+?$ 
	5 /6 B)	 
 /+ (# 	
 ,rpm 
13000  KL+ &#.  7, " 
 	
 /+ (: 	 
ml 5/1 	 !
  (# B+	&6   !
DNase  RNase   
	5 * &.  !-+* !	 (: 	 
DNA  /+ +? 	µl 50  ? 	
EB  
	5 F-6 3
	: 
 (@5   " 3 !	 	
 /+ [T  # (?H	 /+ +? # ( 	

 
  (@5 " 3 ( /6 	 [  	rpm 13000 + KL &#.  B# (E 	 /<	 !	
 	
 ;5 (: /+   &	 µl30  ? 	EB &# 
	,. 
 > .uA20 -  	F+ (0

 !
	>F * .  
 9DhDNA  F+  * fE !+,T	* 
 ++? . !
 710 %( 9Dh Q !	
 .< 
 .uA !>0260 %280  320  9Dh F Y ( (# *  !$ 		 +DNA  %
*  B?  $46  m . ) Q !	DNA !
 710 9; (;A 	 260  (280 
 9; .u: (# !
< ( %*  L+	8/1 -2  ) F-DNA *  .(# (+, 	 ( (0  
 710260 %" 	 .Q50 µg DNA/ml .? 9	: 
X µg/ml = 50 µg/ml × * !$ 		 A260 ×95
 YH 
$  Q ( 9Dh.  
  /<	 & fE 9L# 	  $ 
?+,4	 
$6 .K !
  
 fE 	 6 9 .uA
* BC: . 6 9 .uA 	 [T* L+	 BC: 3QO5 /# /# !	 .  
*  .K !
 	 (: 	 .uA [T .[   D 
 (+? x, (QO5 %
?+,4	 	 	
 .uA 	 
$6 
	@  &#  *  .K !
 	 95  		 ( (0PCR  * 	0 .  [T
 fE 9# 	 L+	DNA  %.K 	DNA 6 9 f4) .  
 ٥٤ 
 
  9DhDNA   
 fE 	 6 9 .uA  * 
 ++? F+  * fE !
* BC: /<	 & fE 9L# 	  $ 
?+,4	 
$6 .K !
 . 6 9 .uA 	 [
 /# /# !	 
+# 
T/A * L+	 .  
3 -3-2-3- 9' #+ T/A V" 
^2(    
.u	 3QO5 (ligation)   
+#T/A  rOV	*  .02 -5 * 	 . !
   T g  >
* m# 	 .  
.03-4 :  #	 !	  
 !	0	.u	 
(µl) &:   B,- 	0	  
µg 4/11  DNA (Template) * fE  
310ng/ Plasmid T/A  
3 10 X Ligation Buffer 
1  T4 DNA Ligase , 5U 
 30 ddH2O 
 ! 
 7C °22  3
uOvernight *  !
	>F  
  
3 -3-2-4- -2,#\	*  !22 U# 
 )*+
 - 	  
/
L	 #	 	 !	 [%  !+# 	E.coli  (αDH5  3QO5  * L+	 .u	 #	
miRNA 
+# (  
L	 * Z
 ( !+# 	 
* .Q+ . (> V	* set up   *
 (+)  !
? 3@@A # 
 9	  s* (: 
 ٥٥ 
 
1-  !+#	E. coli  (α DH5 ) 
 0 g+	70- 	$ + (0
 ((4	 9-# VA 
 
LB Broth  9#:  Y* " %	250  ! 
 %(@5 
 
37 * (,	 	F+ (0
. 
2-  !: (44 
  \@ /6 	 Q 
10  +4 LB broth  3 
	,* 
,	 
  *
3-4  : !
 (+	 ( 3
# (#   * (,	 9 5/0-4/0 +  (#  F
* 
 ++?. 
3-  
	48E KL+ 
 !+#rpm5000  310  
 (@54$ KL+ 	$ + (0
. 
4-  
  !
  >4  * w
) 
 VA1  +4 CaCl2 0.1 M  	
6 ( 
* /T. 
5-  3  !
 /	 
	520-30 (@5 
6 -   >4 7
 KL+rpm5000  33  
 (@54 	$ + (0
 
7-  
 >+# 7
  /T700 +4,CaCl2 0.1 M    !
 /	 
	5  
 320 -30 (@5 
8- 
 KL+  >4 7
  rpm5000  33  
 (@54 	$ + (0
 
9-  
 >+# 7
  /T300 +4,  CaCl2 3  !
 /	 
	5  20-
30 (@5. ) (: 	 
 &# (> * Q+ !+# 	 g+	 &	E (# 
C 
300 
 7, (44  
 	
 +4,5/1  "  +4 150  (  # 3,4	 +4,  "
150  .$ +4,10 % (?H	#%  ( Q70 -   B@+ 	$ + (0
*(. 
  s* ( 
+#  >4 /
L	 (: Q (: 
	 * :  
1-  &@300  !: " 7, (44  
 +4,150  !+# /T +4,
 !
 Q+ 
2-  / (?H	200 $ )20-10 4,+(  .uA 	.u	  /T !> 	 , (
!+# ) !
	>F L .+# /	Q F (44*( 
3- 
	5  3  !
 /	30 (@5 
 ٥٦ 
 
4- 
	5  7 /	
  !42  3 	$ + (0
90 (P 
5-  3  !
 ( .@+	 9  (2 (@5 
6 -  / (?H	1  VA +4 LB Broth  ( " +6 5?  
 /,	   (44 	 "
 
,	,*
	  
37  3 (0
1 9  
7-  .@+	100  VA ( /T 	 +4,LB Agar  
+#?  Y " +6 !:
@
+# 9) µg/ml100  " +6 
+# !	  T6T/A ( KL+   5
 
 /Trpm 10000  310 (@5 . 
8-  
 7
  /T100  VA +4, }(- 9 
 /6 9-#  . .+# (44
 	 9-# 9 " !
  L* 
,	 
  37  3 	$ + (0
16 -18  9 
9-# *. 
# 0 A4 	 >+ Q 
 
 !+# *  	 !
  L .+# ( N 9 (#  I
 !+# #  # |95  
#.  
3 -3-2-5 -m.+ R  +PCR  #+ # 2!s )*
T/A )*+
 
 V" )C 
 #	PCR VA !
  # *
 !># 	 "  !
   0LB ) +6
	 " ( 
D (
 !+# 
 
+# ( 3QO5 
 yE. coli.	0 r;< %3 -5  3-6 * (+*	1$:  
  
.03-5: #	 	 9>0 ' !	0	 #PCR 
 &:(µl)   B,- 	0	  
5/12  Master Mix 2X  
1  Reverse Primer(10pmol)  
 ٥٧ 
 
1  Forward Primer(10pmol)  
4/0  Taq DNA Polymerase 
 .Q :{  T  D 
 #   Template  
 25  ddH2O 
  
.03-6:#	 !>, #PCR 
(:  3
	: (0
  /  B, 	Q  
Enzyme activation C °95  5 (@5  1  
Denaturation  C °95  20 (P    
35  
  
Annealing  C °55  25 (P  
Extention  C °72  60 P(  
Final Extention  C °72  7 (@5  1  
  
3 -3-2-6- #\	* )*+
 F 2,7 ^2(   
 !+# 
 * 
L	 3QO5 y 
D ( G fEG w	E+	 9# * 	 .  
5 4 {	  &+ 	  ( G .u	  !+#9	 
	+	 .K, -h . BQ4	 
+
G fE  9# B#  {	   9	  s* (: 
1- !+# (;* 9-#  &: (10  +4  
rpm 3500  3 (5 * KL+ (@5. 
 ٥٨ 
 
2- 
 >+# 7
 %B# 3
u 9-# VA / w
) 	 [200 , +4 .A
* B@+ , " (  * B:  /T. 
3- 200 +4,   * (?H	 7, ( #4 .A6 -4 	
6 ( 
   * 	$ 
* NE E. 
4-  x#	: 3 7,5 * 	 
	5 ~	 ! 
 (@5. 
5- 400 +4,  # x) .A  * ?	 7, (10-6 	
6 ( 
  * 	$ 
* NE E . 
6 -  
rpm 9000 !  25  3 	F+ (0
5 * KL+ (@5. 
7- 
 } 	
6 ( * B@+ G fE /+ ( % 
 [Trpm 13000  360  (P
+* (+E
 
 * w
) }  * KL . 
8-  /+ (700 +4,  B,4	80 %B;5 (:  * (?H	 * 	 KL+ . 
9-  3 /+1 B,4	 B# /* w
) 9>0 (@5  * KL+. 
10-  
	@50  +4,? EB  3  * (?H	 /+ (1  
 (@5rpm 13000 L+ K* .
	 
	5 * w
) } 
 * fE G9*.  
3 -3-2-7-  q*(, H'6 )F, #M)2,7 ()# F#4* 
 91 F#LM  
 F+  * w	E+	 ! G 9Dh? +,T	 
 +*  
$6 .K !
  [T 
$ 
?+,4	 * BC: /<	 & fE 9L# 	 .  
3 -3-2-8 - 2*2t )$   &3r  #\	* )!*+
 F  
 #	  * 
L	 3;P	  # *
 9 !
  (# !+# 	 # " #PCR * 	:	 
%  
  (+*	5  +4  } VALB  !:µg/ml 1006" +) T6 (  16 -12 
 
 9 37 	$ + (0
  (,	 "*  	* . 
 	
 VA /,	 / 	 Qrpm 5000  (
 33  ! 
 (@54 	$ + (0
  KL+# BC: 7
 ( %750 +4,  VALB  
 ٥٩ 
 
250 +4,  .$60) %B+	 ( ?	  [,
 9  (* 
 BC: 7 70-  + (0

	$  !
	>F$ .  
3 -3-3-1- -*+ -+miRNA  #+ #pCDH  
 !: (QO5 /# /#miRNA  	 [ (: 
GFP  !>6 	 L+	 XbaI/BamHI * 	.  
 
+# (  3QO5 	pCDH *  
	 .	  !: } VA 
 
+# 	 !: !+# 9-#
 " +6 T6 )
+# , +6  9@ (* 	 . 	 [18  fE !+# *
 9 
9?$ 3
C G fE 9# ( G.  
  
 ++? F+  * w	E+	 ! 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	 [2  9  VA 
* (,	   $$ /  VA  >4 VA [TVA B* /6 DMEM   #$ !: 
mM 5     	 (Mµ 1 4	 /6  3 (   
S:   3  ! 
  9 0c37  !
	1$$
 ٦٨ 
 
* . V VA 
0 5 /	   * !
6 }0 >4 !
 VA [T#9 cobas integra 
glucose HK Gen .3    * !$ 		  
 * 710 /	 BC:    $ # .+# VA ( N * 9|	5 /	 	 	 9 (  
9) 
,*	 	
 9  ( / 3 
  4	 
S: 
 >4 V 5.  
  .	 $:  $9 :	 (#  >44	 ( 9@ _? 	 B)IRC( 	
  B:	 	 (
4   	
1$.  VA 	 5 710 /	 
	 	? .G) 
/6  * L+	.  
  $ : 	
1$ 	
 4  B:	  > (#  >4 &4 .+#  $ .  ( >4
 (+6/  $  
 
 >  * &@ .+#   9;x .+#)PCC( /	 
	 	? .G) 

 VA 	 5 710/6  * L+	..+# !>4 L(NCC)     VA > (+ 	DMEM  
 #$ !: mM 5   9?
 	
. 
.03-9 - 710 
	 /	 
 >4 ! $ 5  
." PeD -2 
!F# N -F 2	 -4  100nM)! 5C* N 2	  , *L  
)  )  .  L .+#  NCC   
  
(  )  9;x .+#  . PCC  
(  (   4	 ( @ IRC  
  
 ٦٩ 
 
3 -6-1 .!#+! 9, \	*  
3 -6-1-1-. &D $ 9, )F, M \	*  
! . 	+	 * 6  * 	 9-#  3
# . ;@24  /
L	 	 B;5 9 
 : G   .5  . / C2C12 "G? " 
 	
100 &  9-# !+ .
 L+	 
 9-# VADMEM  	 (10 %FBS  %L-Glutamine 2mM  Pen-Strep 1X  
* . 
,	 
  . [TCO2  ! 
37  ;@  $  
	5 (0
90 % *T 	
 9 q#
 )9	 ?# Y* " 'Q .( VA /
L	 	 B;5 9   :  . /* 6 	 [
 ! ( (#  VA  	
  . !
 9-#37 
 (0
 &#    .  . (: 	 

	 !		 6 /
L.  
3 -6-1-2-. 24K2 U# 
 \	* 
 +,?T4 * 2000 . B)	 ( "m# !	 -,L	 
D (!  (> 3
#
*9	.)81 -82(  9 " 
 
# 	 B:24 s* ( ()  :  
. &#	 (  -,L	 	 B;5 80 %* 
. . 9-# VA  500  VA +4,
 9-#DMEM +6 / * Q   " .  /	8/0   * f4) G 	 $,
50  9-# VA 	 +4,DMEM * NE " +6   / * 	 /, 	
6 (  . 
2  +,?T4 	 +4,2000  50  9-# VA 	 	 +4,DMEM  " +6   /
* 	 /, 	
6 (  * NE . !	 5 * (,	 ~	 ! 
 (@5 .  NEDNA  +,?T4 
* NE B# 
< ( &  . !	20 5* (,	 ~	 !
 (@ . &: ( ~? NE100 
. ( +4,* (?H	 . 
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6 * F0 
	   VA  * Q 4 9-# VA -,L	 	 [ 9 .  Q
  VA3   
24 F 	 9  
 
3 -7-  ;, T$ )$ -1 -2
 ,#*
Real-Time PCR  
 	 [ !>4 9-# C2C12  
  ((+?  94:%   * 9,L  (+?  " B5	: (> 
 "G?75cm  &#	 100 %	0 %  ( /#RNA  B* (# 4miRNA * 	 %*   .  
3 -7-1-  q*(,Total RNA  
 w	E+	 !	Total RNA  9# 	 . 		 $$ ! L+*. 9# 	 ? RG+)	 {	 
B? -  
# !	0 "J# ! /+ ",L 3
5 {	   ?## .9# (J$ {	 !
B? -  4 + !' fE /	 !	
	 ?#RNA  * fE   &4 /+* . 
 T) _ (,  I 	  L+	 
 ! RNase- DNase free  B:	 (  
 ! 
  KL+4 * 	 	F+ (0
 .  
 	*  s* 	 (  
:( CinnaGen, Iran) RNX-Plus %  .	 %?#100 % .	 %70 % %
B+	 76   # r5
 ?RNA )RNase - free(  
*   s* ( 
# B:	:  
 
 
 %(T ! . rpm1200  3 (5  KL+ (@5*  
 
 VA * (+E
 .
 
 BC: 7
PBS  w
) 
 VA  KL+ V	* / 
   * B:*. 
 "+4  RNX-Plus H	 # 7
 !>4 ( * NE 7)  * (? . /T [T
 7, " 
	5/1  +4 $ . 3  * 	 4 _G# (: 	 
 $	1  (@5
* [,
 . NE 	 [,
 	 Q5 * (+*	1$ ~	 ! 
 (@5.  
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20
?# +4, 7, 3+A ( # (?H	  "  /, 3- (@5* 	 . [T5 
 ! 
 (@54 * 	 
	5 	$ + (0
.  KL+4 	$ + (0
 %20 
 (@5 rpm 
12000* 	. 
 .A !	0)6 ? (0 7, ( /6 .@+	  9?$ 3
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 6 ? &: &)
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A ( .	 /6 (100 % (?H	 $ .  # NE 	
6 ( [T
3
uOvernight   ! 
20-  	$ + (0
 
	5* 	.  KL+4 	$ + (0
 %45  (@5

 rpm 12000
 .A +E
 
  )*   F
L 7
( * 	.  "+4   .	
70 %# [,
  (?H	 * # (44 ( 	 7
  .  
 KL+4 	$ + (0
 %15 
 (@5  rpm 12000 9?$ 3
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 
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A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 
 (4410    (@5RNA  * "-) # 7
. :30-50 76 +4,RNase-DNase free  
 (?H	$ >F 9>0 %BC: .A +>  
? ( !
	70- (0
 	$ +  B@+*. 
 9DhRNA  
 !	 /6 	   * Q * w	E+	mRNA  !	 F   /K / 
 
miRNA  
	5 L+	 
9?$.  
  >K / 
  ]+ 46 !	miRNA *  (@ !	 Q;< . 0 (  . 


 .  I 9C2C12  /	  ( (+? *  L+	 . .+#.  
3 -7-2-&2\2+ 9*.+RNA q*(,   
 	+	 w	E+	 9L# .+# !	5 	 +4,RNA   
$6 .K !
  * w	E+	 !5/1 % 
 (#
V	*RNase free  $ 
?+,4	  * (> .&4  !  /RNA  >6 3
5  ;

/ &4  w	E+	 3
5 F-RNA   9	 D 
 ! .  
w	E+	 
 (# !F (+,RNA    w	E+	 /6 	 ( (# 9	 m /	 %9	 9	 |:
*. h  m ! $46 Q !	% 2 w	E+	 .uA 	 +4,  &: ( 	
100  +4,
 ٧٢ 
 
 ! w .< 
 /6 710  
260  280 +  710 /	 9; (# * !$ 		260 (280 
  	  94: +> 
2 * . 	 +# /	 	 (J2   m $46 / ' ; *
9	 w	E+	 / Y. 
	 ( (0   (# (+,A260=1 .Q 40 µg RNA/ml .? !$
,   9	: 
×40 µg/ml* !$ 		×A260  95
 YH= X µg/ml RNA 
 9DhRNA  96.  
3 -7-3- m.+ RRT-PCR  
/K V * 4 9T,	 fE- !	 miR-135   /K INSR   	total RNA . !
 * 9,L	   .+# !>4cDNA 	   (>  (#  :	< Cu+)		  
 * .  
3 -7-3-1 -&,cDNA  -1 -2
 -2 ,#*
 )*
$ 
 B:	 9)cDNA   s* (* 	:  
  /K / /	 
 !	INSR  1   	 $,RNA  (44  
 * fE200 +4,  %($	0
 5/1  	 	 +4,10 .,random hexamer  NE$   76  7  
 &:
RNase-DNase free  (13  +4,* 
.  	  miR-135  # 4	 19-25  !m#9	 
/6 
 (# *  1T,	 .Q !	  ./6 
 !	 
+) 	  !stem-loop  L+	
*) B,*3-4( .(5 (4	 
+)- . 
 (# !	 (4@ 	 42005 * (+?$  * J)83(   
4 	 :	< * #z >*
 E 
 (# 	M - !	 (5cDNA  +6 %[ !	 %!
 
 !	 [miRNA * 	 .  
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B,*3-4- A   ! 	 , stem loop   x, 
miRNA 
 3  (+ 	
  (44 7
10  ! 
 (@570- (+*	1$ , 
 	F+ (0
 . [T
	
?  (44  !
   	  * (+*	1$ .0 rO3-10  ?	 /6 (* 
. 
.03-10 :  #	 !	  
 	9) cDNA 
 &:( µl)   B,- 	0	  
4  5X Buffer (Fermentas)  
2  dNTP(10mM)  
1  Reverse transcriptase(Fermentas)  
 
  B, r;<  (+ 	
 (44 7
 [T .03-11 , 
 * (+*	1$. 
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.03-11 : 9) #	  V	*cDNA 
  /  
25 	F+ (0
  10(@5  
37 	F+ (0
  10 (@5  
42 	F+ (0
  45 (@5  
75 	F+ (0
 )&6 /# .Q?h !	(  10(@5  
  
3 -7-4-m.+ RPCR Real-Time  1 -2
 ,#*
 )*
  
#	 (#!Real Time PCR/K 
 !	 !INSR  miR-135   F+ 
Rotorgen 6000 
(corbet) 9?$ 	 . .0 
 #	  (  [, + 9) A2-13  2-14 * #z-
9	.  
  
 &+ 	 R /K / # 
 9>0Real-Time PCR ; 3
C (51 * L+	 . 	 !	
+  ' 
D> #	 
 L+	 
 !	 9Dh 
 ! (> !	F 	  . /K 	β 
actin  ]+ /# . !	 [	?
 /K /	QReal-Time PCR /K D 
 * L+	.  
 #	Real-Time PCR 0 r;< .	 * 	.  
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 Relative Quantification 
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.03-12 :  #	 !	 ' !	0	Real-Time PCR  F+ 
Rotorgen 6000 (corbet) 
 &:(µl)   B,- 	0	  
5/12  Master Mix(2X Maxima SYBR Green 
qPCR Master Mix, Fermentas)  
4/0 Forward Primer (10pmol)  
4/0  Reverse Primer (10pmol)  
2 Template (cDNA) 
&:  25  diH2O 
  
  
.03-13 :  #	 B:	  (Real-Time PCR  /K  
(:    /  B,  
Enzyme activation  C °95  10 (@5  1  
Denaturation  C °94  10 (P  40  
Annealing and 
Extention  
C °60  40 (P  
.# 
 /* B< (: !>+	 
 F+ V [
? - 9|	5FAM/SYBER  .  
  
 #	 	 	 Q (C?GPCR  (Melt ).0 r;<3-14 (	  ( !
 *  .  
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.03-14 :  ( Melting 
B:	  (4	 !  >+	 !  

	: Y*  C °65  C °95  

	: 	?	  2/0 3
	: 	?	 (Q?  !	 	$ + (0
  
q5 /  13
	: 	?	 4	 !	 (@5  
5/0 !Q 3Q? !	 (P  
!- q< 9|	5  < !
6 }0 	 BC: [
? !- qSG  .# 	FAM/SYBER  
 A 46 	 [7z(+6 B, 3
u ]+ 9> 
 %52 * Z
	$   >K / 
 !		  (
REST53  L+	* .  
  
 .03 -15 :  #	 B:	  (Real-Time qPCR   !	miRNA  
(:    /  B,  
Enzyme activation  C °95  10 (@5  1  
Denaturation  C °94  10 (P  45  
Annealing and Extention  C °60  40 (P  
 A 46 	 [7z(+6 B, 3
u ]+ 9> 
 %54 * Z
	$   >K / 
 !		  (
REST  L+	* 
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 Cycle Threshold (CT) 
53
 Relative Expression Software Tool 
54
 Cycle Threshold (CT) 
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3 -7-4-1- -2
 ,#*
mRNA  F4 )$ ), # )!  !C2C12   &C 30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colony PCR 
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 3QO5 	+	 /# /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	? 	
# / ' !	T/A 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	 /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	?  6 9PCR 
* !F4h # . 	? !	PCR#  3QO5  !:miRNA !	 	 F- M13/ -R 
universal  * L+	) B,*4 -4.(  
 
+# .u	T/A  (QO5 (miRNA  .uA 9Dh ( (0 PCR * fE 
 * #z V	*  
* 	 >*
  	 . 
, * Z
  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Q+ !+# /# 
L	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uA
 # %
+# 9@ B  " +6 !: 0 VA 
 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# 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* PCR 
 !	  (QO5 | !	 µ13)	 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[ 
+# !
T/A(  (# * 	 D 

*   B,* 
 ]+  ! 	 	 L+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m#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uA .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# (QO5 (+-$ *  .O 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B,*4-4:  ]+ #	 	Colony PCR  ! 	 F- M13/ -R universal  
 y !	
 
+#T/A !:miR-135 !+# (.  q
1234567910 : 
+# !: 9;x #ligate  
  *miR-135 . q
8 : # /  
+# !:miR-135 . q
11: ladder  
  
4 -3 -4 - .+ 2!)$T/A  
#+ !M <8$T/A-vector-miR135  
 XbaI/ BamHI  
 GT/A-vector-miR-135  &6     !	XbaI  BamHI  B,* rO  * &S
 (QO5 248bp  3100bp  4$. 
 (# ># 	 !	Q 	PCR  	 * #z (86 rO .<  QO5 >6 
 9-#  
 VALB Broth  !>6  6 &S %!+# G fE 	 [  * 	BamHI/XbaI 
9?$ 3
C | !	) B,*4-5(.  
 
 
B,*4- 5 :&S  
+# T/A  (QO5 w) miR-135   !>6 BamHI/XbaI 
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 q
123  : 
+#T/A-miR-135  * &S .q
 4 :+#w	E+	 L . . q
5: ladder.  
  
4 -4 - V" #miR-135   #+ 
pCDH 
4 -4 -1 -   q*(,miR-135  #+ FT/A     #v. 
 5 
 V" -*+ # #+
pCDH 
 4	 (QO5 Q (: 
miRNA  
+# 	 T/A  
+# 
	  * w
)pCDH *  . !+#
G !: VA 
 * | !LB broth * 9-# . &S  * 	 G fE
9?$ 3
C ~? &6   6 ) B,*4-6.(  
 
 
 B,*4 -6  :  
+# &ST/A (QO5 w)  miR-135   !>6 BamHI/XbaI   ( .u	 9>0
G pCDH . q
1:: ladder . q
23  : 
+#T/A-miR-135  * &S  
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4 -4 -2 -  #+ <8$pCDH    )!M 
BamHI/XbaI   9' &DmiR-135   #+ 
  
 
+#  (QO5 .u	 #	 %.K 	 fE  .K !
 
?+,4	 	 [ pCDH   V * &S
!>6BamHI/Xba9?$ 3
C) B,*4-7.(  
 
  
 B,*4 -7 :6 &S  
+#pCDH >6  !BamHI/XbaI Z h  Z G  
  q
1 :ladder  . q
2 :- &S G . q
34  :* &S G    
 
  !: (QO5 .K 	 fE 	 [miR  
+#) B,*4-8(
) Z  % 
+# .u	pCDH  (QO5 (
miRNA 	 
 * #z V	*  * fE .uA 9Dh ( (0 * 	 >*
  .  
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   B,*4 -8 :  
+# pCDH  * &SmiR -135 * w	E+	   
+# 	T/A   	 .u	  
 q
2: miR -135 * w	E+	   q
  
+# 	3 : w	E+	 L .+#. q
4 :ladder .q
 5 
6  : 
+#pCDH  * &S 
  
4 -4 -3 - + 5 
 V" -*+ # #pCDH .+ 2! )$ miR-135  pCDH-   

 U#colony PCR  
 ( !+# /# 
L	 !	 .u	 	 BC: (QO5  * 	 * Z
  !+# / Q+
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# . # 	 [PCR* G w	E+	  9-# 9 !
 9;x !># % 
VA 
 *  !># 	  # %
+# 9@ B  " +6 !: 0PCR  | !	
 !	  (QO5  
+# ()	 [ !
  CMV  [ +6  !
   EF1 
+# 
pCDH(  ! 	 	 L+	 *   B,* 
 ]+ (# * 	 D 

+# pCDH  Y0
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 /* (?H	197  .O QO5 	   (+-$ * /# (QO5 .uA .< ( m#441  9L0 
 !	miR-135 $  BC:) B,*4 -9.(  
  
 B,*4 -9 : #	 	 ]+Colony PCR  
+# 
 y !	pCDH 3QO5 !: miR-135  (
!+# .  
* # >29 /K !:pCDH-miR-13 .  q
4  :  
* #29 q
 %17: 
Ladder 
 
4 -4 -4 --1 )6 F, 2!pCDH-miR-135  
4 -4 -4 -1 - .2,7 2!)$pcDH-miR 135   !M <8$ 

!  
 !>6 V &S r< 	 GBamHI/XbaI * | .B,* rO 4-10  (QO5 
248bp  8000bp  4$.  
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B,*4-10 : ! /# |miRNA   6 &S r< 	 !>6 BamHI/XbaI  
q
1 :miR135   * &S 
+# pCDHq
 %2 :Ladder  %  
  
/6 6 &S  G  	 [4	 uE !	   ) .04 -3( %  Q 9>0
 9#* ( 4	maqrogene  .
	 0 #    [T  * 
	?	Mega4 4	 ~;O	 &  
* 	 .4	 ]+( !G  
# (		 /,	 ;  6 9) B,*4-11.( 
 9AC | !	  * :	< 4	 Q !	 G;5 (# 	 	 ( D 
 #	 4	
 !	 /6 ]+ (# * +? " 	 * | /# miR-135 *   s* (. !+# #
 G !:miRNA 
  9-# D 
 !70-  )z 	$ + (0

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B,*4-11:  4	 	 6 9 ]+ 
miRNA "K 4	  * /#   
	?	 Mega4 .  
  
4 -5- ), ! 2!  u!C2C12  
4 -5-1-  )$ 9, )# *
 22,.! F 5OC u!C2C12 
 m !	 *+ 	pax 7 ) (+?  !>4 Cu+)	 
+#? (  m  ))
(+?  !>4 Cu+)	 
+#?  ( ! . !
 C2C12  *   @4	 	? 	 	Q  B;5
+?$ 
	5 
 
  4 B, q+E ! ? 
  m 	 /  (+?$ 	  .
9	 * 
6  B,* 
 
# ]+ (#)ا .,*4-124-13.(   
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B,*4-12 : !>4  B:	C2C12  +G ( 94: 	a  (+?  94: (b-c . B,* 
c 
 (+ . 9	 >- (+?  	.  
  
 B,*4 -13:   m *+	pax 7  ) (+?  !>4 Cu+)	 
+#? ( m 
  )(+?  !>4 Cu+)	 
+#?.(  
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 a b   !6 p
  /- Y (DAPI 	  *+  mpax 7  ! . !
 
+  (+?  .c  d   !6 p
  /- Y (DAPI  !
   *+	 
 . 	 * (+?$ ! [,   	  < 	
 )  B:	  (# + * ! .  
 
 (  I* 	 Q 9	 * (+?$ . VA  !: (+?  !>4 VADMEM 	 (
 10 %FBS VA  !: (+?  !>4 VA M DME  	 (3  % 9	   Y	 
.*  	 9 $
 !	
	 >,  
 
4 -5-2- 
!F# -2
 mRNA  ), # )!  ! F4 )$C2C12   &C 30 &D
)!   U# 
Real-Time PCR  
 
	?	  V * 	 !
	 4	 	 BC: ]+REST  9	 	  .0 
. 	 #: ]+
 /K / 	?	myoD  /K / # Pax7  ( !>4  (@ 
 (+?  !>4 

9	 +G.  
 .04 - 5  : 
	?	  V * 	 !
	 4	 ]+REST    / 
	 mRNA  /K !
myoD   Pax   !>4 
 !  ( ?C2C12   
Result   P(H1)  95% C.I.  Std.Erro
r  
expressi
on  
Reaction 
efficiency  
Type   Gene  
        1.000  1.0  REF  actin 
β   
down  0.000  0.029-
0.060  
0.031-
0.058  
0.042  1.0  TRG  Pax7  
up 0.000 1.629-
2.139 
1.716-
2.036 
1.866 1.0 TRG myoD 
TRG - Target 
REF - Reference 
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	4 -1 . ]+Real Time PCR  !>K / ;pax7   myoD - [! B:	 < 	 .
/K /  	?	  myoD /K / #  pax7   94: 
>4 ( 94:  (@ 
 (+?    
P≤0.05 
	Q (*)9	 . !>4 
 /K / /	 
	 (# 
 (  .Q1 9	 * (+?$ D 
  
4 -6 - 
 -1 -2 INSR4! ! , # #  42 ! &C 
 	!: #  * 
 2M #
 #4REST 
 / 
9	 * 
6  ! B,* 
 (Q4O 
 q+E ! $ !	  /K  
 {	  / 3	Mfold change  !;  log10 9	 6 
  (.  
  
 .04 - 6  : 
	?	  V * 	 !
	 4	 ]+REST    /K / / 
	  INSR 
 

(+?  4  
  !>4 
 3 9?  94:  (@C2C12   
Result   P(H1)  95% C.I.  Std.Error  expression  Reaction 
efficiency  
Type   Gene  
        1.000  1.0  REF  actin 
β   
UP  0.000  2.503 - 
6.217  
2.539 - 
6.132  
3.945  1.0  TRG  INSR  
TRG - Target 
REF - Reference  
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	4 -2 . ]+Real Time PCR  /K / ;INSR -! B:	 < 	 [ ./K /  	?	  
INSR >4 ( 94:  (@ 
 (+?  94: 
   P≤0.05 
	Q (*)9	 ./K / /	 
INSR  .Q  ( !>4 
1 9	 * (+?$ D 
  
  
4 -7-  p,. -2 -# &, 
  
 &: &C R! #v. 
 \, #  2	
 2	 
 !>4    / 9 $ 
 4	 ( 9@ _?  ( /
 !	    (: 	 

C2C12  !: ! 9-# VA 	 (+?  94: ( ( 94: 	 nM  1000- 500-100  4	
$ L+	. . 3 ( >472 VA  
 	  9  	 
,0c37 * !
	1$$.  
9Dh% * /, . !>4  	Q   D 	 + * @ !>4 (,	 ( (0  
nM 100  * 7E+	 4	 . 3 !	 4	 ' 9Dh 	72 M 	 Y; 9  3	
$  >4    !.  
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 B,*4- 14 : 
 4	 ( 9@ 	 (: 
 L+	 
 4	 Y 9Dh /
	 9 (
 !>4C2C12 .a :  * 
 !>4100  3 ( 4	 
'72 9 .b : 
 !>4
  *500 3 ( 4	 
' 72 9 .c :  * 
 !>41000  3 ( 4	 
'
72 9 .d : 3 ( 
 /  . !>472 9   
  
4 -8- !F#eD -2 
P * ), # ." 2	 
 : ),  9  
 4	 ( 9@ _? . 	 
D ( Q (: 
)IRC (>4  3 ( 72   
  9 
 !: ! VA 3
100  (+?$ 
	5 4	 
' ) * ! (;* 94:
hyperinsulinemia  (* !$ 		  &@+ h 3
C ( . 5 710 /	 .  
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.04- 7:5 710 /	 
 L+	 
 VA 5 /	 
	 ]+ 
media- 
mg/dl 
Sample 
105 media 
104 media 
104 media 
104 mean 
  
.04- 8:5 710 /	 
 9;x .+# !>4 5  710 /	 
	 ]+  
used-mg/dl media- 
mg/dl 
3 h incubation with 
insulin 
53 51 Normal-PCC 
56 48 Normal -PCC 
53 51 Normal -PCC 
54 mean  
 
  (+?  !>4 ~? 3;A ( (0  9;x .+#PCC  ( /	 4	  "A P	 

 /	54mg/dl  	 	  /- ) 	 	
 5 710. 
.04-9 :5 710 /	 
 L .+# !>4 5  710 /	 
	 ]+ 
used-mg/dl media- 
mg/dl 
3 h incubation without  insulin 
20 84 Normal-NCC 
17 87 Normal -NCC 
20 84 Normal -NCC 
19 mean  
 ١٠٢ 
 
 L .+# (+?  !>4 ~? 3;A ( (0 NCC  /	 ( /	 4	  "A /
19mg/dl 	 	  /- ) 	 	
 5 710. 
.04-10 :4 5  710 /	 
	 ]+5 710 /	 
 4	 ( @ !> 
  
used-mg/dl media- mg/dl 3 h incubation with 
insulin  
8 96 100nM -IRC 
11 93 100nM -IRC 
5 99 100nM -IRC 
8  mean 
 
  
     4	 ( @ (+?  !>4 ~? 3;A ( (0 IRC  ( /	 4	  "A P	 

 /	 8 mg/dl 	 	  /- ) 	 	
 5 710.  
  
 
 ١٠٣ 
 
 
 
	4-3:  !>4 q+E 3': 
 5 710 /	 ]+C2C12  {	 mg/dl .#  
	 Q
 !>4 
 5 710 /	IRC   !>4  (@ 
PCC   *  -.(p≤0.05)  
 
4 -9 -  ), &\	*C2C12  
#+pCDH  R Real-Time PCR 
!F#   -2
 *0
 miRNAT$ -1 *
  
	 
D (9,L  ! .C2C12  Y#   # # G  +,? T4miR-135  %  	+	
  . 	  9-# +  	 ;#   * 	0@ q+E  # # G  +,? T4miR-
135  	9,L *6 9 ( 
# 	 9>0 Y 9Dh   . >4 /# 9,L  /
 * ?	 >4 (  ! VA . 6?   'Q  (  	  .< ( 
#	 	 
-,L	   49L# ;@  /	 !>4 
 C2C12  p
 "# (GFP 
 
 /K miR-135 
- Q . /K !	miR-135 ,  /K INSR 	?	 9L#  #   "# ( /K /real time 
PCR 9?$ 3
C >6 !	 * :	< Cu+)	 !	 V  . 
	 	 
RNA  * fE
	 ! . 	9,L 	 ! . B@ 
 *9,L  
 - (*   .B,* ! 
 ١٠٤ 
 
	 9L# 9,L  	
  .  /K B:  ! T4miR-135   4) 
+# pCDH  
 
 	

,L	 	 Q    /- -..  
 
 
B,*4-15 : !>4 9,L	C2C12  
+# pCDH  . .+# /	  (.a  : !>4 !
,  * 9,L!
 ,.b :9
? ,,  * 9,L !>4 !  
  
  
   B,*4-16  : !>4 9,L	C2C12  
+# pCDH  !:miR-135 a  : !>4 !
!
 ,,  * 9,L.b :9
? ,,  * 9,L !>4 ! 
 ١٠٥ 
 
 
4 -10 - 
!F#T$ )$ -1 -2
   ;, Real-Time PCR  
 4 
 	C2C12 ( 94:  
% (+?  !: 
+#  * 9,L %miR-135  9,L  
 % . .+# 
+#  * w	E+	RNA * 	 . 	RNA  4 
 	 * w	E+	  (+?   
 . .+# 
+#  * 9,L .+# /	Q$ L+	 .. / 
 /K   3
u 
Real-Time PCR (# Cu+)	 !	 
D 	 ( 9?$ 3
C  * :	<. Real-Time 
PCR   ( 3
u * 	 s* V	* 64 * 	 /K  !	 .	  /Kβ actin   /K 
SNORD47(U47)  /  . !	 .+# /	Q* L+	 ]+ / . 	 	 [Real-
Time PCR (+6 B, Q 65 ]+ %V  
	?	REST 2009 +?$ 
	5 !
6 46 
 .
Q 
	?	  	 
  ( (+	P value ≤0.05 9	 ./K 	 
	Q / M !	
	 (# 
$ ( 9; -#  -	?	 
+*   .+# UP  DOWN * 	 /-	.  
4 -10 -1 - 
!F#  -2
miR-135  -INSR U# 
 ,  # #Real-Time PCR 
miRNA  # !>4	 19 -25   1T,	 .Q !	  >6 
 (# + !m#
* . !
+) 	 >6 
 !	 stem-loop * L+	 .(5 (4	 
+)- 
 (# !	 (4@ 	 4
 .2005 * (+?$  * J 4 	 :	< * #z >*
 E 
 (# 	M  - (5
 !	cDNA [ !	 %!   
 !	 [ +6miRNA  	 9?1.   
 w	E+	 	RNA ;> Z
  ( !	0 ( 
5 / (,
O (+? RNA  (0 	 miRNA 
 / 
 !	 9	miR-135 * L+	 . 	 	 [cDNA  	  !RT (5-  (# 4
  !	miRNA  4	 !>+	 E / (?H	 miRNA  #	 % * Cu+)	 RReal-
                                                 
64Triplicate 
65Cycling Threshold (Ct) 
 ١٠٦ 
 
Time PCR  L+	 9?$ 3
C * (> V	*  .. /K 	SNORD47(U47)  /	Q RNA  !	
* L+	 ]+ /# . !	 .+# /	Q # .< 
  
4 -10 -2 -.-2
 2!miR-135   &\	* ), # 
  U# Real-Time -PCR 
-miR135 pCDH . B)	 (!C2C12  9 
24 9,L	 () * . .+# $ 

 GpCDH  / L .+# /	  (miRNA  /	  * 9,L	miRNA . /6 !
  ( RealTime PCR *  .9 !	  "J /6 !1
	,24 !	 ()  $ 
* (+?$ D
 . 	 [72  9 RNA  $ w	E+	 4 cDNA (+) !	  *
 Cu+)	miRNA ) .04-9 (Real Time *.	 /6 	 
snRNA4 !U47 Snord  (
)	 .+# /	   #	 
 ]+ # . /K Real Time PCR * L+	 ;.  
  
 .004-11 : ]+Real-Time PCR  /miR135 4 
 
C2C12 * 9,L-miR135 
pCDH  
	?	   46 
  REST  
 
Result   P(H1)  95% C.I.  Std.Error  expression  Reaction 
efficiency  
Type   Gene  
        1.000  1.0  REF  Snord   
Up   0.000  1.457-
1.621  
1.473-
1.603  
1.537  1.0  TRG  miR135  
 
 ١٠٧ 
 
 
 
	4-4 . ]+Real Time PCR ;  /  miR-135 -,L 
	 [ ./K /  	?	 miR-
135  P≤0.05 9	 
	Q . .Q - 9,? [	 .+# !>4 
 /K / /	 
	 (# 
1 
9	 * (+?$ D 
  
4 -10 -3 .
!F#*0 miR-135 )# *
  wV,mRNA-1 ) INSR 
 GpCDH-miR135 . B)	 (!C2C12 9 
24 * 9,L	 () . $ 

 G  .+#pCDH . B)	 (  (  . /6 9T,	 /	  * 9,L	 
RealTime PCR *  . "J /6 !1
	, 9 !	24  D
 $  !	 ()
* (+?$. * :	< Cu+)	 !	  [T/K !	 ! INSR ) .04-4  (( 	 !	 
Real Time PCR * (+*	1$ . /Kb actin () /K " /	  ( 7E+	 9 )	 .+# !	 
	>F
* ./6Real Time    !	cDNA  * 
	, 
 ) ]+Real Time PCR  V [T -

	?	REST 2009 +  * 46  ]P≤0.05  $ 7A 
	Q ]+ /	  ()
	4-2 .( #
 / INSR4 
 
   * 9,LmiR135  4 
   (@ 
  * 9,L .+#
 GpCDH *  (0 B5 ! :  9	(pValue=0 
 
 ١٠٨ 
 
.04-12 : ]+Real-Time PCR  /INSR 
 
 4C2C12 * 9,L-miR135 
pCDH   
	?	   46 
REST  
Result   P(H1)  95% C.I.  Std.Error  expression  Reaction 
efficiency  
Ty
pe   
Gene  
        1.000  1.0  RE
F  
actin β   
down  0.000  0.155-
0.183  
0.155-
0.183  
0.168  1.0  TR
G  
INSR  
TRG - Target 
REF - Reference 
 
 
 
	4 -5 . ]+Real Time PCR /K / ; INSR  / 	 P+miR-135. / #/K 
INSR   P≤0.05 
	Q (*)	9 ./K / /	 
	 (# 
  - 9,? [	 .+# !>4 

 .Q1 9	 * (+?$ D 
  
  
 ١٠٩ 
 
4 -11- eD -2 
!F#P *  ), # ."	\ 
  &miR-135   
 rO (+?  .  !>4   * 9,L !>4 5 710 /	 
	 B:	
	 9 (  ]+  * 	 BQ4	
+. 
.04-13:  !>4 5  710 /	 
	 ]+ * 9,L5 710 /	 
  
used-mg/dl media- mg/dl 3 h incubation with insulin  
8 96 miR135 pCDH        trasfected C2C12 
8 96 miR135 pCDH        trasfected C2C12 
9 95 miR135 pCDH        trasfected C2C12 
8.3 mean 
 
  
  (+?  !>4 ~? 3;A ( (0 ( /	 4	  "A  P	 
  * 9,L  /	
8.3mg/dl 	 	  /- ) 	 	
 5 710 	?	  
.04-14 : .+#  9;x .+# !>4   * 9,L  !>4 5  710 /	 
	 ]+
5 710 /	 
 4	 ( @  L  
NCC PCC IRC miR 135 -trasfected  
19  54  8  8.3  Glucose uptake  (mg/dl) 
 
 ١١٠ 
 
  
  
 
	4 -6 :   * 9,L !>4 
  5 710 /	  ]+miR-135    /	 (@ 
 !>4 q+E 3':c2c12  - 9,L. #  9,L !>4 
 5 710 /	 
	 Q
 * miR-135  !>4  (@ 
PCC   *  -.(p≤0.05).>4 ]+ 9,L  !
 !>4  *IRC  + (-.  
4 -12-  u! 
 m$% ! #  p	+ u! 	!:micro array  #  &30GEO 
database  
4 -12-1  p	+ u! 	!:  )! C* # ), C2C12  u! 
micro array  

 &30 #GEO accession #GSE4694 
 !+	
 
 ) ]+ 	 * #z ! (+? microarray   /	
,  J !5	 * -+) 	
 (+?   ( !>4 !
  *C2C12  ( * 9;P 
*  GEO accession #GSE4694 
* L+	 /	   (# (4@ 	 
:  
“Nuclear envelope transmembrane proteins (NETs) that are up-regulated during 
myogenesis”  J (m 
 	 (+?$ 
	5 
 
 	 (+ -h !)87(  .: 	 
 ١١١ 
 
 ]+ ) ]+microarray   ~? (4@ 4	 
 (# 	  *  	
 !F !>K 
 	
 - 	  9#* . /K INSR  	 	 , !  (  94:  
 - 4	  G<	 
	
 .  >	 (@  3 '<	 4	 K 	  >	 "K4? 94:  V	* % >4  ( (0 
*  
 	 (+?.  
.04-15:   * 9;P 
*   (Q4O 	 BC: ) ]+ !
	 
 GEO accession 
#GSE4694   
	?	  	 L+	SPSS /	 	  paired t-test  
  
) 3 G<	   4	  GEO accession #GSE4694   4	 
+T
 /K / 	?	 (#   /-
    ( 94: ( 9; ! 94: 
P≤0.05 
	Q 9	.) .04 -15( 
  
 
	4-7 :@ /K / /	  ]+ (INSR   * 
	 ( 94: ( 9; (+?  !>4 

 Z
 VReal time  Z
   microarray . /K / 	?	 INSR    Z
   

 ١١٢ 
 
P≤0.05 
	Q (*)9	 . .Q  ( 94: !>4 
 /K / /	 
	 (# 
1 D 
  (+?$
9	 *.  
 	?	 (Q4O 	 ! (+? 4	3  /K !4?INSR  	  /- (+?  ! ( 
 	
 ) 
	
4-7(9*	 9@O   
 * Y# ]+  (#.  
  
4 -12- 2- ;!* #   2	 
 &: C*  p	+ u! 	!:invitro   )#
 ),C2C12  u! 
micro array  &30 # 
  2	 
 &: C* #GEO 
accession #GSE6798  Z &
! C*  &30 # 
  GEO accession # GSE26168  
 
 	 ! (+?  
D ( %4	 ( 9@ (: 
  Z
  K 
 ) 3 G<	 	
microarray O   * 9;P 	 (Q4 GEO accession # GSE6798 !
   	?	 GS  (
4	 ( 9@ 94: ( G+; )88 ( (4@ /	  :  
 
Reduced expression of mitochondrial oxidative metabolism genes in skeletal 
muscle of women with PCOS 
  
 GEO accession # GSE26168     !
  I 9 	?	 /) ! (   )89 (  (4@ /	  :  
insulin impairs insulin signaling by inhibiting the expression of MicroRNA 144 “
in Type 2 Diabetes mellitus” receptor substrate 1  
 9?1 	 >	 !
  D 
 4	  *  L+	.  
  
 ١١٣ 
 
.04-16  :* 9;P 
*   (Q4O 	 BC: ) ]+ !
	 
 GSE6798  GEO accession #  
 
	?	  	 L+	SPSS /	 	  paired t-test  
Paired Samples Test 
  
Paired Differences 
t df 
Sig. (2-
tailed) 
  
Mean 
Std. 
Deviation 
Std. 
Error 
Mean 
95% Confidence 
Interval of the 
Difference 
  
Lower Upper 
Pair 
1 
INSRCONT - 
INSRPCO 
13.58922 22.47744 6.23412 .00624 27.17221 2.180 12 .050 
  
.04-17  :* 9;P 
*   (Q4O 	 BC: ) ]+ !
	 
 GSE26168  GEO accession # 
  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Abstract 
Background: Type 2 diabetes is the most common metabolic disorder and is recognized 
as one of the most important health threats of our time. The pathology of type 2 diabetes 
is complex,and culminating in dysregulation of blood glucose levels but caused by the 
development of insulin resistance and/or relative insulin deficiency .MicroRNAs 
(miRNAs) are a novel group of non-coding small RNAs that have been implicated in a 
variety of physiological processes. MiRNA-related genetic variations have been proved to 
be associated with human diseases, such as type 2 diabetes .  
Objective: In this study, we aimed to investigate the impact of predicted  miRNA  and 
target genes on insulin resistance process because Muscle insulin resistance is clearly a 
risk factor for development of type 2 diabetes. 
Methods: Using a bioinformatics approach miR-135 was selected by its targets  INSR as 
insulin resiatance potential factors in muscle cells. C2C12 differentiation induced by 3% 
horse serum. Immunocytochemistry and q-real time PCRwas performed to confirm 
differentiation process. Chronic hyperinsulinemia was used to induce insulin resistance in 
the C2C12 cells (IRC) to create our model line that was confirmed by glucose uptake 
results.  After Construction of  miR-135 expression vector ,Cells have transfected by 
miR-135, and then glucose uptake measurement and determination of  expression level of 
the miRNA and its targets have done.  
Findings: It was obvious that INSR gene expression was significantly down-regulated in 
C2C12 cell line after miR-135 transfection. Interestingly the miR-trasfected Cells has 
shown a significant difference in glucose uptake when compared to cotrol and was the 
same with IRC respectively.  
 
Conclusion: Our data shows that the lack of significant INSR expression level and 
increased level of miR-135, contributed to the poor stimulation of glucose uptake by 
insulin and the development of insulin resistance phenotype in C2C12 cell line. 
 
Key word: Insulin resistance, miR-135, Insulin receptor, C2C12 
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